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Disturbances are dominant driver of ecosystem
dynamics ABoVE region

Kwethluk Fire — April 2022 tundra fire in Alaska

Many predicted to intensify ’49--:_4

with climate change

Photo y Matt Snyde/AIaska Division of Forestry



Objectives

e Synthesis of main disturbances within the North American Arctic and
boreal regions
e Summary of each disturbance
 Temporal dynamics of vegetation loss and recovery
* Future needs (e.g. data, studies, tools)
e Case studies showcasing vegetation trajectories pre- and post-disturbance

 Disturbance interactions
 Spatial and temporal characteristics
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Group Disturbance

Fire Fire

Needleleaf defoliators
Broadleaf defoliators
Bark beetles
Pathogens

Biotic

Cryoturbation

Permafrost Ice-wedge degradation
Cryogenic landslides
Lake drainage
Logging
Anthropogenic Seismic lines
Oil & gas wells
Rain on snow

Weather Heat waves/drought
Windthrow

Riverine processes Riverine processes
Herbivore activity Herbivore activity
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Landsat trajectories pre- and
post-disturbance

4

[ ABoVE Core Region Biome (Dinerstein 2017)  Case Study Locations @ pathogen ® lakedrainage @ logging
[ ABoVE Extended Region [_] Tundra e fire ® cryoturbation e drought ® oil & gas wells
[ Boreal Forests/ Taiga ® bark beetle ice wedge degradation © flooding seismic lines

[] Rock/Ice spruce budworm thaw slump @ windthrow
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Polygons Points

Isat_get_pixel_centers()
Retrieve pixel coordinates for

polygons

Extract Landsat 5, 7, and 8 pixels over polygons and

points
e 100 m buffer around points
[Sw‘?:"iﬁ;”’} « 25-pixel sample of 25 sampled polygons

&

Google Earth Engine 16,000 + pixels (30 m) from 1984 to 2020

IsatTS R package: Berner et al. (2021, 2020)
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Clean and cross-calibrate
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Cross-calibrate across sensors
IsatTS R package: Berner et al. (2021, 2020)
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Detect breakpoints

Calculate max summer NDVI and NDMI

FAIRBANKS, ALASKA

TNG

NDVI

One Landsat pixel over time
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Detect breakpoints

Calculate max summer NDVI and NDMI "
Bfast algorithm to detect pixels with S | / / ° '\./\
breakpoints around the time of known I /°\,/'\./° \ / .
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Detect breakpoints

Calculate max summer NDVI and NDMI o :
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Detect breakpoints

Calculate max summer NDVI and NDMI .

Bfast algorithm to detect pixels with
breakpoints around the time of known
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Example trajectories

Normalized NDVI

Normalized NDMI

mountain pine beetle

spruce beetle
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ng disturbances

1.1 31 Disturbance type
- fire
A = bark beetles
defoliators
/‘7 pathogens
0.94 cryogenic landslides
2 lake drainage
logging

= seismic lines

Normalized NDVI

oil & gas wells

0.74 = drought

== windthrow

5 0 5 10 15 20 -5 0 5 10 15 20
Years Since Disturbance



Normalized NDVI
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ng disturbances

1.14

0.9+

0.7 1

Disturbance type

- fire

= bark beetles
defoliators
pathogens
cryogenic landslides
lake drainage
logging

= seismic lines
oil & gas wells

= drought

== windthrow

N

Post-disturbance slope
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Disturbance slope
& number of years
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ng disturbances

lake drainage

bark beetles
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Comparing disturbances
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Dall City Fire ~ 195,580 acres

FAIRBANKS, ALASKA
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Spatial grain Return interval

Occurrence timeline Recovery timeline

Intensity/impact
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Multi-Disturbance Workshop
June 30, 2021
) | ~65 participants

| Facilitated by ARCUS
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natiotemporal PCA

Wildfire
o

Ice-jam fk:oding
Disturbance Group
Anthropogenic
Permafrost

Pests and pathogens
Riverine

Ungulate activity

Weather

2SN

Wildfire

standardized PC2 (28.6% explained var.)
o

2 -1 0 1 2
standardized PC1 (38.0% explained var.)
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Disturbance interactions

Boreal Tundra

Herbivore Activity - Herbivore Activity -

Riverine Processes - Riverine Processes -

Drought Stress A Drought Stress -

Rain on Snow - Rain on Snow -

Seismic Lines |

o Windthrow o
= Seismic Lines § Oil & Gas Wells A
§ Oil & Gas Wells - @ Lake Drainage -
& Logging - o Cryogenic Landslides -
Lake Drainage A Ice-Wedge Degradation -
Cryogenic Landslides A Cryoturbation A
Pests & Pathogens Pests & Pathogens -
Wildfire 4 Wildfire 4
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Driver
) Strong Negative Both Strong Positive
Interaction

Weak Negative Weak Positive None/Unknown
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Disturbance interactions: wildfire and permafrost

'
'
N  MELTPOND PRE-FIRE SURFACE
v ACTIVE LAYER J,' 7 T — . ACTIVELAYER ]
Ny, N._ DETACHMENT
ICE WEDGES g TACIK \
MEDIUM TO HIGH ICE % * E®:> MEDIUM TO HIGH ICE AL

CONTENT PERMAFROST v CONTENT PERMAFROST

ACTIVE LAYER §

Holloway et al. 2020

Rapid thaw following wildfire = formation of active layer detachment
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Disturbance interactions: biotic interactions

Drought = bark beetle infestation =
defoliation stress = mortality

HEALTHY TREE

A

rele’ase
BLUE-STAIN FUNGUS

DEFOLIATION
SUPPRESSION DEATH
defense
W
~ ~
BARK BEETLES

dominance

COMPETITION

Franklin et al. 1987
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Disturbance interactions

Boreal Tundra

Herbivore Activity - Herbivore Activity -

Riverine Processes - Riverine Processes -

Drought Stress A Drought Stress -
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Conclusions

* Most of these disturbances are predicted to increase
* Some notable exceptions (e.g. cryoturbation)

* Disturbances as hotspots of vegetation change
* Important impacts on society, feedbacks to climate

* Key unknowns about future trajectories, future interactions
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Current Status

e Submitting manuscript to ERL Reviews this month (May 2022)
* Look out for request for comments/edits
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